In this study, we compared the diagnostic utility of multiplex RT-PCR to single RT-PCR, and then compared both of them with conventional cytogenetics. Although a direct comparison was not available because of different sampling periods, we investigated the difference between single RT-PCR and conventional cytogenetics to provide a more robust assessment of the diagnostic utility of multiplex RT-PCR.
Among patients who visited our institution from January 2005 to June 2012, we identified individuals who were diagnosed with hematologic malignancies. Single RT-PCR was used for the diagnosis of patients from January 2005 to May 2008, and multiplex RT-PCR from June 2008 to June 2012. Patients were considered to have a hematologic malignancy when the results indicated AML, ALL, mixed phenotype acute leukemia (MPAL), and CML. Cytogenetic analysis and FISH analysis were performed according to the manufacturer's instructions. Single RT-PCR was performed using 3 primers for PML/RARA, BCR/ABL1, and RUNX1/RUNX1T1. Multiplex RT-PCR was conducted by the HemaVision kit (DNA Technology, Aarhus, Denmark).
Characteristics of patients diagnosed with hematologic malignancies by single RT-PCR and multiplex RT-PCR are shown in Table 1 . There were 65 patients who were diagnosed using single RT-PCR. Two of these patients who were initially diagnosed with AML and ALL, respectively, experienced relapse and were subsequently given the same diagnosis. In terms of diagnostic outcomes, AML was the most frequently diagnosed hematologic malignancy (36 cases). Further, there were 14 cases of ALL (13 B-cell [B-ALL] and 1 T-cell [T-ALL]), 3 cases of MPAL, 1 case of unclassified acute leukemia due to unavailability of a bone marrow biopsy specimen (peripheral blood test was subsequently conducted), and 11 cases of CML. Using multiplex RT-PCR, we detected hematologic malignancies in 81 patients. Among them, 77 were found to be ill on initial diagnosis and 4 experienced relapses. Among the patients who experienced relapse, 2 with AML and ALL, respectively, received the same diagnosis before and after relapse. The remaining 2 patients were diagnosed with AML at their second relapse. Similarly, AML was found to be the most frequently diagnosed hematologic malignancy (53 cases) using multiplex RT-PCR. Further, there were 16 cases of ALL (15 B-ALL and 1 T-ALL), 1 case of MPAL, 1 case of unclassified acute leukemia due to unavailability of a bone marrow biopsy specimen (peripheral blood test was subsequently conducted), and 10 cases of CML. Translocations were detected in 40% (26/65) of the patients by single RT-PCR and 51.9% (42/81) of the patients by multiplex RT-PCR. For statistical analysis, chisquare test was conducted using SPSS version 19.0 (SPSS Inc., Chicago, IL, USA). However, no statistically significant difference was observed in the positivity rate between the 2 groups of patients (P = 0.154).
Single RT-PCR detected 18 cases of BCR/ABL1 gene rearrangement, 4 cases of RUNX1/RUNX1T1 gene rearrangement, and 4 cases of PML/RARA gene rearrangement. In contrast, 22 cases of BCR/ABL1 gene rearrangement, 7 cases of PML/RARA gene rearrangement, 4 cases of RUNX1/RUNX1T1 gene rearrangement, 3 cases of CBFB/MYH11 gene rearrangement, 2 cases of ETV6/RUNX1 gene rearrangement, 1 case of MLL/ELL gene rearrangement, 1 case of MLL/MLLT3 gene rearrangement, 1 case of RUNX1/MDS1/EVI1 gene rearrangement, and 1 case of NPM1/MLF1 gene rearrangement were detected by multiplex RT-PCR analysis. While single RT-PCR was only able to detect 3 frequently reported gene rearrangements (RUNX1/ RUNX1T1, PML/RARA, and BCR/ABL1), multiplex RT-PCR identified several other types of gene rearrangement, including a rare NPM1/MLF1 rearrangement. To the best of our knowledge, this is the first time this type of rearrangement has been detected and reported in Korea [3] . Apart from the 28 different translocations it can identify, the HemaVision kit (DNA Technology) can also effectively detect more than 80 breakpoints. Because the HemaVision kit can easily detect atypical breakpoints in BCR/ABL1, we were able to identify a unique e8a2 fusion [4] .
Single RT-PCR produced negative results for 3 cases that were subsequently tested positive after cytogenetic analysis (Table 2); 2 of these cases showed translocations at inv(16) and t(4;11). If these patients had undergone testing using multiplex RT-PCR, CBFB/MYH11 or MLL/AFF1 gene rearrangements may have been detected. Considering how many clinically important hematologic malignancy-related fusion genes and translocations are being reported [5] , and because chromosome abnormalities affect the prognosis of diseases other than leukemogenesis, prompt detection of genetic changes is imperative.
In this study, ETV6/RUNX1 gene rearrangements were detected in 2 cases of B-ALL with normal karyotypes using multiplex RT-PCR (Table 3) . FISH results showed ETV6/RUNX1 gene rearrangements in 55.8% and 80.7% of specimens analyzed. ETV6/RUNX1 is known to be the most common molecular genetic abnormality and is found in about 20-25% of pediatric cases of B-ALL [6] . However, as a cryptic translocation, ETV6/ RUNX1 is difficult to detect with conventional cytogenetics and therefore requires RT-PCR or FISH as a parallel test [7] . The study also found a case of MLL/ELL gene rearrangements with a normal karyotype (Table 3) . Although R-banding can identify where chromosome 11 is enlarged, a MLL/ELL abnormality can be mistaken for a normal karyotype under G-banding [8] . Therefore, RT-PCR or FISH would be necessary to confirm cytogenetic analysis results. Multiplex RT-PCR by HemaVision (DNA Technology) is limited by the fact that it can only detect about 10 out of 70 known MLL partner gene types [9] [10] [11] . In order to enhance the sensitivity of gene abnormality detection in patients with hematologic malignancies but normal karyotypes, multiplex RT-PCR kits should be further developed to detect additional types of MLL gene rearrangements.
This study is limited in that a small number of hematologic malignancy cases were included; moreover, only a few of the patients analyzed had positive PCR results. Further, this was a retrospective analysis; here, a comparison was made between different individuals who visited our institution during different periods, and the methods of single RT-PCR or multiplex RT-PCR were used separately.
In conclusion, a combination of multiplex RT-PCR and conventional cytogenetics should be considered the routine procedure for the diagnosis of hematologic malignancies. Multiplex RT-PCR panels should be developed to increase diagnostic capability and treatment effectiveness for hematologic malignancies. 
